Introduction
Attention to the carotenoid metabolism of the stick insect, Carausius morosus, was drawn from the discovery of an obviously novel keto carotenoid by W i l l i g who also identified the hydroxylated pig ments of this phasmid as isocryptoxanthin (ß,ß-caroten-4-ol) and isozeaxanthin (/?,/?-carotene-4,4'-diol). However, during own work on the structure of the keto compound, which exhibited oxygen func tions at positions C-2 and C-2' 2> 3, the need arose to reexamine the hydroxy carotenoids.
From a biogenetical viewpoint, based on the meta bolic interrelation between both hydroxy and keto compounds, all members of such a pathway should belong to the same substitution type. Indeed, the two hydroxylated carotenoids were found not to be /?,/?-caroten-4-ol and /9,y5-carotene-4,4/-diol, but the corresponding isomeric compounds /?,/?-caroten-2-ol and /?,/?-carotene-2,2/-diol. This identification is based on chromatographic, chemical and mass spec troscopic evidence. Recently, the 2-ol has been iso lated in large quantities from an insect for the first time by Kayser4. Now, this is the first report on the occurrence of the diol in an animal after its discovery in a green alga by Kjosen et al. 5 .
Material and Methods

Insects
Stick insects (Carausius morosus Br., Phasmidae, Orthopteroidea) were obtained from the laboratory stock, which is maintained on leaves of Hedera helix throughout the year. Insects were killed by vapour of diethyl ether or by freezing. The viscera, but not the ovaries, were removed prior to extraction.
Isolation of carotenoids
Carotenoids were extracted from lyophilized in sects and purified by thin-layer chromatography (TLC) first in a partition and subsequently in an adsorption system as reported in preceding pa pers 4> 7. Saponification was employed on total ex tracts or on separated zones using either 3% Namethylate in methanol (w/w) or 5% KOH in meth anol (w/w) for at least 24 h at room temperature.
Chemical reactions
Experimental details on acetylation, acid treat ment, Oppenauer oxidation, and hydride reduction have been presented otherwise 4" 6> 7.
Spectroscopy
Electronic spectra were recorded on a Zeiss DMR21 spectrometer. The specific extinction coef ficients of = 2 2 9 0 for /?,/?-caroten-2-ol and = 2 0 6 0 for ^,/?-carotene-2,2/-diol were adopted from the corresponding algal pigments 5. -Routine mass spectra were recorded on a Varian MAT CH5 instrument at 70 and 12 eV using the direct inlet system. High precision measurements were done on a AEIMS902S spectrometer with perfluorokerosene as reference. Pigment samples had been purified as described 6.
Reference carotenoids
Hydroxy compounds: /?,/?-Caroten-3-ol (cryptoxanthin) and /^-carotene-S^-diol (zeaxanthin) were isolated from Capsicum and Physalis, respec tively. /?,/?-Caroten-4-ol (isocryptoxanthin) and ß,ß-carotene^^'-diol (isozeaxanthin) were obtained by NaBH4 reduction of the corresponding ketones ß,ß-caroten-4-one (echinenone) and /Jj/J-carotene^^-dione (canthaxanthin), which were synthetic prod ucts of Hoffmann-La Roche (Basel). Authentic ß,ß-caroten-2-ol was isolated from the moth Cerura v inula 4.
Retro 
Results and Discussion
Chromatography of the unsaponified carotenoid extract of Carausius revealed that both hydroxylated carotenoids, /?,/?-caroten-2 -ol and ß,^-carotene-2 ,2'-diol, are present as mono and diesters, respectively, in the insect. The chromatographic sequence re lative to the other carotenoids of Carausius will be reported in a following paper 3.
ß,ß-Caroten-2-ol
This pigment from Carausius co-chromatographed with authentic /?,/?-caroten-2-ol from Cerura in both the partition and the adsorption system and, con sequently, was clearly distinguished from the iso meric 4-ol (cf. 4) . The Carausius carotenoid behaved similar also to /?,/?-caroten-2-ol from the alga Trentepohlia. In the adsorption system a minor fraction ran just behind the main pigment but was always less polar than isocryptoxanthin. The two fractions were interconvertible by standing in solution for a prolonged period of time, they exhibited small spectral differences and gave identical mass spectra; therefore, the minor fraction was obviously a cisisomer of /?,/?-caroten-2-ol. It was found in each preparation of Carausius but never in Cerura.
The electronic spectrum of all-trans /?,/?-caroten-2-ol from Carausius exhibited maxima at 452 and 478 nm in acetone (% III/II = 2 1 ). The mass spec trum (70 eV) was superimposable with that ob tained from the Cerura pigm ent4. The molecular ion at m/e 552 and the fragment at m/e 460 (M-92) were the most prominent ions. Elimination of water (mje 534; M-18) was merely detectable. In the 12 eV spectrum only the molecular ion was found. In case of an allylic hydroxyl group as in ß,ß-caroten-4-ol the dehydration product would be strongly favoured; this will be shown more de tailed in case of the dihydroxy pigment.
The chemical features of /?,/?-caroten-2-ol from Carausius were the same as reported for the Cerura pigment (c f.4). The time course of acetylation of the Carausius pigment was completely identical with that of the Cerura 2-ol, thus demonstrating a shielded position of the hydroxyl group (50% acetate after 3.2 h). Oppenauer oxidation and ether formation were both negative. Treatment with 0.1 M BFg-etherate in chloroform or ethanol yielded a less polar product which co-chromatographed with the corresponding pigment obtained from the Cerura 2-ol (Fig. 1) . In the latter case the product has been where the main absorption maxima of authentic retro carotenoids are related to the lengths of their chromophores (see Methods).
The cis-isomer of /?,/?-caroten-2-ol exhibited the same specific reaction when treated with BF3-etherate though more slowly. This product could be separated from that of the all-trans compound on silica gel-G in contrast to the native 2-ols (Fig. 1) .
ß ,ß-Carotene-2,2'-diol
In analogy to the monohydroxy carotenoid the dihydroxy pigment from Carausius was markedly less polar (hRf = 24 than /^-carotene-S^-diol (zeaxanthin; hRf = 1 5 ) and ran slightly ahead of -carotene-4,4r-diol (isozeaxanthin; hRf = 22) when partitioned on silica gel-G. Furthermore, 3,3-diol and 4,4/-diol behaved identical in the adsorp tion system (hRf = 27) where 2,2r-diol was less polar again (hRf = 42). This is in agreement with Kjosen et al. 5 . In addition, authentic /?,/?-carotene-2,2/-diol from the alga Trentepohlia and the di hydroxy carotenoid from Carausius were identical when co-diromatographed. A minor fraction (hRf = 37) was separated by adsorption from the Carausius diol and identified as a cts-isomer of /?,/?-carotene-2,2'-diol for the same reasons discussed for the 2 -ol.
The electronic spectrum of the all-trans ß,/?-carotene-2,2r-diol showed maxima at 452 and 479 nm in acetone (% III/II = 24). The mass spectroscopic behaviour of /?,/?-carotene-2,2r-diol agreed with that of the corresponding mono-ol. The molecular ion (m/e 568) was the most prominent ion in the up per mass region (Fig. 3) . Dehydrogenation occurred In contrast, the fragmentation pattern of ß,ß-carotene-4,4/-diol was strikingly different to the C-2 hydroxylated carotenoids (Fig. 3) . Due to the al lylic nature of the two OH-groups, elimination of water was strongly favoured as demonstrated by the fragments at m/e 550 (M-18) and 532 (M-18-18). The latter ion was the most prominent one in the higher mass region; the molecular ion (m/e 568) was of low intensity. All three ions showed ex trusions of toluene at m/e 476 (M-92), 458 (M-18-92) and 440 (M-18-18-92), respectively. But only for the fragment at m/e 532 loss of xylene also was observed (m/e 426; M-18-18-106). In the 12 eV spectrum /?,/?-carotene-4,4'-diol exhibited the same lability as on high electron impact (70 eV). The tendency to eliminate allylic hydroxyl and ester groups has also been demonstrated for lutein 14b 15. To summarize, the mass spectra presented further evidence that the dihydroxy carotenoid of Carausius is not isozeaxanthin (/^/J-carotene^^-diol).
Regarding the chemistry of /?,/?-carotene-2,2'-diol the shielded positions of the hydroxyl groups were demonstrated by their slow acetylation. The same effect has been previously shown for /?,/?-caroten-2-ol from insect4 and algal origin 16. As presented in Fig. 4 50% diacetate was formed after 4.5 h in the case of /?,/?-carotene-2,2 -diol, while the same amount was already found after 1.8 h for lutein. This illustrates the time study of acetylation as an TIME (h) useful analytical tool in the identification of hy droxylated carotenoids (cj. 4) . Attempts to oxidize /?,/?-carotene-2,2 -diol by Oppenauer oxidation or to etherify the hydroxyls were both negative in contrast to the 4,4 -diol. But under acidic conditions (0.1 M BF3-etherate in chloroform or ethanol) a reaction analogous to that of ß,ß-caroten-2-ol was observed (c/. 4,117) . Two products less polar than the native diol were separated on silica gel-G (Fig. 1) . According to time studies, the upper fraction accumulated as the final product, while the lower one behaved as intermediate and was always low in quantity. The electronic spectrum of the main product (Fig. 5) In contrast to untreated /9,/?-carotene-2,2/-diol the final product of acid treatment yielded no acetate. Consequently, both hydroxyl groups should have been converted to carbonyl groups which was con firmed by the chromatographic behaviour of the product (cf. Fig. 1 ). The carbonyl groups, how ever, were not reduced by NaBH4 , which is in agree ment with the acid-product of /?,/?-caroten-2-ol ( c /. 4) .
The investigation of the transient product of BF3-treatment was illuminating for the understanding of the reaction. Its polarity was between the end product and the starting diol (Fig. 1 ) . Thus, the presence of one hydroxyl group was suggested, which could be confirmed by the formation of a mono-acetate running similar to the end product on silica gel-G. The electronic spectrum (Fig. 5 ) with maxima at 432, 455 and 484 nm in acetone (% III/II = 28) coincided with that of the retro product of /?,/?-caroten-2-ol, demonstrating identical chromophores with eleven double bonds. The iso lated compound under investigation was transferred to the less polar end product on incubation with BF3-chloroform, thus supporting its intermediate nature. In the mass spectrum of the final reaction product (Fig. 6 ) elimination of water was observed to a small amount from the molecular ion (m/e 548; M-18). This may be explained by its iso merization to the intermediate compound due to thermal effects or electron impact.
Conclusively, the following reaction scheme is proposed for the transformation of /?,/?-carotene-2,2/-diol in acid solutions (Fig. 7) : In analogy to The oxidation of the mono-ol and the diol of Carausius required molecular oxygen as an acceptor for the hydrogen eliminated from the hydroxyls, since under nitrogen the reaction proceeded marked ly slower as already shown for 2-ol from Cerura 4.
Conclusive Remarks
This paper presents clear evidence that the main hydroxy carotenoids of the stick insect are not isocryptoxanthin and isozeaxanthin as formerly re ported by W illig1, but /?,/?-caroten-2-ol and ß,ß-carotene-2,2/-diol. This identification is based on the following features: a. co-chromatography with authentic samples, b. slow acetylation kinetics, c. stability of the molecular ions on high electron impact, and d. specific dehydrogenation and retro rearrangement in acidic solutions.
/?,/?-Caroten-2-ol has been previously isolated from the moth Cerura vinula and identified by spec troscopic methods including NM R4. This was the first finding in an insect. Now, /?,/?-carotene-2,2r-diol has been found in an animal for the first time. This compound was recently discovered in the green alga
